Populations of Cepaea hortensis have been sampled from an area of 121 sq km on the north slopes of the Brendon Hills, Somerset, and analysed for chiasma frequency. Variation in chiasma frequency is due to variation in a single large bivalent-the A group bivalent. In 12 populations studied during 1973 no association between chiasma frequency and ecological factors could be detected. In particular, there is no evidence of a negative correlation of population density with chiasma frequency which is known to exist in populations of C. nemoralis within the area. In 1974, 17 populations, four of which were utilised in the 1973 analysis, were studied. Negative correlations of interstitial (but not total or terminal) chiasma frequency and between-cell variance with altitude were found. It is likely that the correlation of betweencell variance with altitude is due to the strong correlation of variance with chiasma frequency which exists in these populations. There is evidence from several populations that chiasma frequency is stable between years. The implications of the negative correlation of chiasma frequency with altitude and the lack of a correlation with population density are discussed.
INTRODUCTION
LD snails of the genus Cepaea (Held.), and in particular C. nemoralis (L.) and C. liortensis (Mull.), have been the subject of many ecogenetic studies because of a striking genetic polymorphism for shell colour and banding (summaries by Ford, 1971; Williamson, 1972) . Linkage relationships between the relevant loci are similar in C. nemoralis and C. hortensis but there is indirect evidence that they respond differently to similar selective pressures. For example, on the north slopes of the Brendon Hills, Somerset, C. nemoralis becomes less abundant on an east-west axis and the degree of polymorphism declines as the species approaches the edge of its range in the area so that several colonies in the east are monomorphic (Bantock and Price, 1975a) .
In contrast, in C. hortensis in this area the main geographical patterns involve linkage states which vary with altitude (Bantock and Noble, 1973) . Climatic factors have been implicated in the distribution and variation of both species.
Whereas the visual polymorphism has been studied throughout the species' ranges, information on the population cytogenetics is limited entirely to populations situated in Somerset, S.W. Britain, and thus concern only a very limited part of the ranges of the two snails. Variations in chiasma frequency is virtually restricted to variation on a single large bivalent in both species (Price, 1974; Price, in press ). Bantock (1972) described a population of C. nemoralis on Exmoor where chiasmata were low in frequency and localised in position whereas studies to the north of the Brendon Hills show that chiasma frequencies are higher and vary between populations in 221 both species (Price, 1974; Price, in press) . Comparisons between the species in sympatric populations in this area showed that C. liortensis is less variable in chiasma frequency and it was suggested that this may be due to a differential response to the same selective agencies (Price, in press ). Price and Bantock (1975) have shown also that in C. nemoralis in this area there is a negative correlation between population chiasma frequency and density, irrespective of other factors such as the degree of visual polymorphism and geographical position. The purpose of this paper is to determine either whether the same relationship occurs in C. hortensis or, if not, whether chiasma frequency is associated with other identifiable factors. Price (1975) .
MATERIALS AND METHODS
All the populations utilised in this study were sampled from an area of 121 sq km on the north slopes of the Brendon Hills, Somerset. The area is described more fully elsewhere (Bantock and Price, 1975a) . Locations of the population sites are given in table 1. The first part of this investigation was concerned with assessing the relationship between population density and chiasma frequency. Release-recapture methods were used to provide size estimates for 12 populations by sampling on three occasions during 1973. The sampling procedure was the same as that previously described for C. nemoralis (Price and Bantock, 1975) . Estimates were calculated by using where possible (1) the Jolly method (Jolly, 1965) , (2) the modified Lincoln Index (Lincoln, 1930; Parr et al., 1968) and (3) the total number of individual snails found on three occasions excluding recaptures (= N3). Only adult snails were used.
The results obtained from the above investigation indicated the desirability of examining further an apparent relationship between altitude and chiasma frequency. During 1974, 17 populations were therefore sampled from a single valley system-the Nettlecombe valley (see Bantock and Noble, 1973) . The altitude of these population sites varies between 34 and 357 metres.
The usual methods of preparation and of scoring chiasmata were followed. Heat-dried slides of the ovotestis were prepared (Bantock and Price, 1975b) and 30 diplotene spermatocytes were scored for chiasmata from each snail. C. hortensis has 21 small bivalents and one large bivalent termed the A group bivalent (Price, in press ). Most of the small bivalents have a single chiasma. For example, in population 8, only 23 out of a total of 11,340 bivalents had two chiasmata, this being the highest frequency recorded in any population of C. hortensis. In this paper, therefore, only the results for the A group bivalent will be given. There is some evidence (Price, in press ) that on this bivalent terminal and interstitial chiasmata are independent of each other. Terminal and interstitial chiasmata were therefore recorded separately from each other and mean chiasma frequencies and between-cell variances were calculated for each snail.
Between-cell variances were transformed for analysis using the following transformation-log10 (S2 + 1.0), where 52 = between-cell variance.
RESULTS (i) Chiasma frequency and population density
Chiasma frequencies and density estimates are given for each of the 12 populations in tables 1 and 2. Estimates based on the Jolly method vary between 266 and 2201 snails/sq m. With the Lincoln Index estimates vary between 043 and 2041 snails/sq m. Four populations were not marked and these have estimated densities (by N3) below l95 snails/sq m. Population densities were normalised for analysis and table 3 shows that there is no evidence for a negative correlation between chiasma frequency and population density. In fact, the majority of correlations are positive although none is significant. In view of the altitudinal changes in the ecogenetics of C. hortensis within the area (Bantock and Noble, 1973) , partial correlation coefficients were calculated to take altitude into account and also the relative distance east of the populations since gene frequency changes also occur on an east-west axis (Bantock, personal communication) . None of these partial correlations is significant (table 4) although there is a slight sign of a negative association of altitude with chiasma frequency. A = mean interstitial chiasma frequency, B = mean interstitial between-cell variance, C = density (estimated by N3), D = distance east, E = altitude.
Thus, in these 12 populations, which were chosen from throughout the study area, there are no significant correlations between population chiasma frequency or between-cell variance and population density or geographical position.
(ii) Chiasma frequency and altitude in the Xettlecombe valley
The chiasma frequency data for these populations is shown in table 1. Populations 18 to 21 all have higher chiasma frequencies than have previously been recorded for C. hortensis (they are however not as high as in some populations of C. nemoralis). There is a significant negative correlation between interstitial chiasma frequency and altitude (table 5, fig. 1 ) and • >-U 0 1.0. also between interstitial between-cell variance and altitude (table 5, fig. 2 ).
Correlations between altitude and total or terminal chiasma frequencies and variances, however, are not significant. There is a strong partial correlation (table 6) altitude becomes just not significant (P < 0.1) when between-cell variance is held constant. When chiasma frequency is held constant the correlation between variance and altitude changes sign and is not significant. This suggests that the correlation with altitude is largely due to chiasma frequency.
(iii) Stability of chiasma frequency
Four of the populations which were first sampled in 1973 were resampled in 1974 as part of the Nettlecombe valley study and thus provide an indication of the stability of chiasma frequency between years. Comparisons showed that there had been no significant changes (P>0.05) between years in chiasma frequencies or between-cell variances in any of these populations. Snails from two populations with different chiasma frequencies (P < 0.05) which were sampled in 1973 were kept under similar laboratory conditions for a year and then prepared in 1974. Differences between the populations were maintained and neither population differed significantly in chiasma frequencies or between-cell variances from the samples prepared in 1973.
Discussior
The results show that (1) there is no negative correlation of population density with chiasma frequency in C. hortensis and (2) there is a negative correlation of population chiasma frequency and altitude in the Nettlecombe valley.
The correlation between density and chiasma frequency in C. nemoralis was based on observations from 32 populations (Price and Bantock, 1975) . However, the correlation is still significant (P <0.05) when only the 12 populations which were also sampled for C. hortensis are considered. Also, the range of estimated population densities in C. nemoralis is similar to the range in C. hortensis. There is thus a clear difference between the species in the relationship between population density and chiasma frequency.
The results obtained with C. hortensis affect the interpretation of the situation in C. nemoralis. The breeding system is similar in the two species and the results therefore seem to rule out the possibility that the correlation in C. nemoralis is merely a second-order effect due to greater homology of chromosomes in smaller, more inbred populations. It was suggested (Price and Bantock, 1975 ) that high chiasma frequencies in small populations of C. nemoralis may compensate for a lack of release of variability due to an increased level of inbreeding. If this is so, then it may mean that there are other factors operating in C. hortensis to promote stability in this area which override the need to compensate for inbreeding effects. It was noted previously (Price, in press) that C. hortensis is less variable in chiasma frequency than C. nemoralis in this area although the mean chiasma frequency in the two species is similar.
The correlation of chiasma frequency with altitude in C. hortensis became apparent only when a single valley system was studied suggesting that the relationship may be a local one, but also indicating that conclusions relating to this aspect of chromosome behaviour may be incomplete without an ecological consideration of the populations. There is some indirect evidence that interstitial and terminal chiasmata are under different controls and it has been suggested that interstitial chiasmata are more important in producing effective recombination, this effect being enhanced by a positive correlation between chiasma frequency and between-cell variance (Price, in press) . It is interesting, therefore, that the correlation with altitude is only significant for interstitial (but not for total or terminal) chiasma frequency and betweencell variance. Furthermore, in the 12 populations examined in 1973 where there was no correlation between chiasma frequency and other factors, the correlation between chiasma frequency and between-cell variance is also not significant (r = 0444, P >0.05), whereas in the 17 populations from the Nettlecombe valley this correlation is very strong (r 0905, P <0.001). Partial correlation coefficients suggest that the correlation of between-cell variance with altitude is largely due to this correlation with chiasma frequency. No information on the heritability of chiasma frequency and between-cell variance is as yet available for Cepaea; it is possible that they are under a separate genetic control as deduced by Lawrence (1963) in Melandrium. Even if they are not, the biological effect of this correlation between chiasma frequency and between-cell variance will be the same. That is, populations with a high chiasma frequency and high variance will produce a greater gametic array than will populations with a high chiasma frequency but a low variance.
In Myrmeleotettix maculatus the frequency of B chromosomes in a population is positively correlated with its chiasma frequency and, within populations, individuals with B chromosomes tend to have higher chiasma frequencies than those without (Hewitt and John, 1967) . The level of B chromosomes is negatively correlated with altitude, and Hewitt and John (1967) suggest that there is production of new and experimental genotypes under the optimal environmental conditions which exist at low altitudes. There is no evidence that low altitudes are more favourable than high altitudes in C. hortensis. However, data from meteorological stations within the area (Ratsey, 1973 ; and see Bantock and Noble, 1973) shows that climatic variation is greater at lower altitudes. There is a greater mean diurnal range at a site situated at 95 m compared with a site at 290 m.
Daily maxima are higher at the lower site but the average monthly minima for the lower site are sometimes low enough to offset its higher average maxima so that the upper site may have a higher mean monthly temperature. It may be that high chiasma frequency and variance in low-altitude populations is in response to this more variable climate. The results from the populations kept under laboratory conditions make it seem unlikely that environment effects chiasma frequency directly-selective effects appear more probable. It ought to be possible to transplant populations from high to low altitudes and vice versa: the response of these populations, as measured by chiasma frequency, to a changed environment could then be assessed.
A measure of linkage disequilibrium (D') described by Turner (1968) varies with altitude in the Nettlecombe valley (Bantock and Noble, 1973) . The direction of the variation suggests that a greater variety of chromosomal types within the colour and banding supergene exist at low altitudes. It is interesting that the present study shows that within the same area chiasma frequency variation is also greater at low altitudes. However, in Lolium and Festuca, populations with high chiasma frequencies exhibit less phenotypic variability of characters under polygenic control (Rees and Dale, 1974) . In view of these results it is obvious that other gene loci, in both polygenic and major gene systems, must be considered before any definitive statement can be made about chiasma frequency and the genetic variability of populations of C. hortei'isis.
In relation to the visual polymorphism, until data from breeding programmes currently being undertaken by C. R. Bantock become available, it is not possible to conclude that there is a relationship between recombination within the supergene and the occurrence of particular chiasmata on the A group bivalent. Finally, it would be worth while to compare the present results with those from another area where a similar relationship between altitude and the visual polymorphism exists, e.g. at Rickmansworth, Hertfordshire (Cameron, 1969) .
